Introduction
High-performance thin-layer chromatography (HPTLC) has a great potential, especially in screening analysis. On the other hand, the separation of multicomponent mixtures with large differences in the polarities of the various components usually requires the application of different types of gradient. Currently, gradient thin-layer chromatography (TLC) is performed almost exclusively in normal-phase system, using only one commercially available device so far, i.e., Automated Multiple Development (AMD) 2 system manufactured by CAMAG (Muttenz, Switzerland) [1] . AMD 2 has a lot of advantages. The most important ones are good performance and reproducibility. Moreover, this device is fully automated, so it could work without operator supervision. However, AMD 2 has some disadvantages, such as the long time of chromatogram development or the lack of adequate and simple optimization and method development model. Moreover, due to many stages of drying, there is a risk of decomposition of some of the analyzed components, so stability testing of samples should be performed. Therefore, our research group has been looking for alternative solutions for gradient mode in thin-layer chromatography [2] [3] [4] . The developed prototype devices are not automated; however, with these devices, it is possible to obtain reasonable time (e.g., 20-30 min) of gradient chromatogram development for 4-6 cm migration distance of the mobile phase in reversed-phase thin-layer chromatography. More over, a general equation could be applied for the determination of R.Ł. Gwarda, A. Hałka-Grysińska, K. Pawełek, and T.H. Dzido, Department of Physical Chemistry, Chair of Chemistry, Medical University of Lublin, 4a, Chodźki Str., 20-093 Lublin, Poland; and T. Baj, Department of Pharmacognosy with Medicinal Plant Unit, Medical University of Lublin, 1, Chodźki Str., 20-093 Lublin, Poland. E-mail: aneta.halka@umlub.pl the relative position, R p g (the ratio of the solute migration distance after gradient chromatogram development to the final migration distance of the mobile phase front) of solutes chromatographed under conditions of stepwise gradient elution with one void volume of mobile phase in reversed-phase thinlayer chromatography. The calculated and experimental values of R p g show good agreement. In our last study, the chamber with a simple construction and effective methodological solutions, which enable to perform easy and repeatable separations by gradient thin-layer chromatography, was described [4] . In the study mentioned, a good separation of the test mixture of 19 dyes with a general elution problem was obtained.
In our current study, an example of the practical application of the developed device is presented, i.e., gradient thin-layer chromatography of chamomile anthodium essential oil.
Chamomile (Matricaria chamomilla L.) is a well-known and very important medicinal plant species from the Asteraceae family. Its pharmacological properties include anti-inflammatory, antiseptic, carminative, healing, sedative, and spasmolytic activities [5] . The plant available in the market could be adulterated and substituted by close relatives of chamomile. Additionally, the essential oil content depends on different plant chemotypes [6] . The importance of this research problem is confirmed by recent publications [7] [8] [9] [10] [11] .
Experimental

Materials and Chemicals
Chromatographic glass plates HPTLC silica gel 60 F 254 (10 × 20 cm) were obtained from Merck (Darmstadt, Germany). Methanol, heptane, toluene, ethyl acetate, xylene, and sulfuric acid (all of analytical grade) were from POCh (Gliwice, Poland). Glacial acetic acid was obtained from Merck, and anise aldehyde was purchased from Sigma-Aldrich (St. Louis, MO, USA). Chamomile anthodium was obtained from Herbapol Poznań S.A. (Poznań, Poland). High-purity water was obtained in the laboratory with HLP Demineralizer from Hydrolab (Gdańsk, Poland).
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Sample Preparation
The essential oil of chamomile anthodium was obtained by steam distillation using Deryng apparatus for determining essential oils content, according to the recipe in the Polish Pharmacopoeia VI [12] . From 20 g of dry material, 1.2 mL of oil was obtained. Then, 50 μL of oil was dissolved in 1 mL of xylene to thereby obtain a test solution.
Chromatographic Plate Preparation
HPTLC silica gel 60 F 254 plates (10 × 20 cm) were cut into 10 × 10 cm pieces with TLC plate cutter (OM Laboratory Chigasaki, Japan). From the chromatographic plates designed for isocratic elution, additionally, thin bands of adsorbent layer were scraped off, so that 6 individual, parallel tracks were formed. Then, all plates were washed by dipping in methanol for 1 min, drying in air and in the oven at 105-110°C for 15 min, and next being left in desiccators containing calcium chloride.
Chromatography
Isocratic Elution
An amount of 3 µL of test solutions was applied at a distance of 7 mm from the lower edge of the plate as 6-mm bands with Linomat 5 (CAMAG, Muttenz, Switzerland). Isocratic chromatograms on six tracks simultaneously were developed in Horizontal DS-M Chamber from Chromdes (Lublin, Poland) at distances between 62 and 70 mm (measured from starting bands) with 0%, 20%, 40%, 60%, 80%, and 100% (v/v) heptane in toluene; 0%, 2.5%, 5%, 10%, 15%, and 20% (v/v) ethyl acetate in toluene; and 2.5%, 5%, 10%, 15%, 20%, and 30% (v/v) ethyl acetate in heptane. After development, the chromatographic plates were dried in the air. The bands of separated compounds were visualized in accordance with the recipe of Polish Pharmacopoeia IX [13] (sprayed with anise aldehyde reagent and heated at a temperature of 100-105°C for 5-10 min). Subsequently, the chromatograms were photographed immediately in visible and in UV light (366 nm) using TLC Visualizer (CAMAG, Muttenz, Switzerland).
Gradient Elution
Eight samples of the test solutions (4 with a volume of 4 μL and 4 with a volume of 2 μL) were applied on 8 parallel tracks as 9-mm bands at a distance of 7 mm from the lower edge of the plate with Linomat 5 (CAMAG, Muttenz, Switzerland). Gradient chromatograms were developed in the horizontal developing chamber for stepwise gradient elution with single void volume of the mobile phase previously reported by our research group [4] . The device comprises of a chamber, syringe, reservoirs of eluent fractions, and valves. The detailed procedure of gradient chromatogram development was described in the above-mentioned paper [4] . Two-step gradient was applied for the elution of the components of the essential oil. The first fraction of the mobile phase was composed of pure heptane, and the second was composed of 10% solution of ethyl acetate in toluene. The migration distances of the fractions were equal to 45 and 45 mm, 70 and 20 mm, or 50 and 35 mm. The total development distance of chromatograms was equal to 90 mm or 85 mm.
After development, the chromatographic plates were dried in the air, visualized, and photographed according to the procedure described in Section 2.4.1.
Results and Discussion
Isocratic Separation
The first chromatograms were developed with a chromatographic system similar to that which had been described in the Polish Pharmacopeia IX, i.e., the applied volume of the test solution, and the development distance were reduced (from 10 µL to 3 µL and from 10 cm to about 6-7 cm, respectively) because of using HPTLC silica plates instead of TLC ones. The composition of the mobile phase recommended by the Polish Pharmacopeia IX is ethyl acetate in toluene (5:95, v/v). The obtained chromatograms show the zone of substances migrating together with the front of the mobile phase, and finally, only about 8 substance zones were separated (compare Figure 1) . Even the pure toluene has too high elution strength, and the substances in the initial zone still remained unseparated (Figure 1) . Therefore, attempts have been made to improve the resolution of the substance zones with isocratic elution. The next step was to use a mixture of heptane and toluene. If pure heptane was used as the mobile phase, the substances that are least retained obtained good separation, but a large number of substance zones of the essential oil components remained on the start line or just behind it. The addition of toluene improved the separation, but at the optimum concentration for the separation of the more retained substances, the remaining constituents already formed a common zone just near the front of the mobile phase (Figure 2) . Using a solution of ethyl acetate in heptane (in different proportions) as the mobile phase also did not produce the required results (Figure 3) . As can be seen in the above-mentioned Figures 1-3 , the differences in the polarities of the components of the essential oil of chamomile anthodium are significant. Therefore, isocratic elution is not suitable for the separation of this test sample. 
Gradient Separation
As it has been mentioned previously, there is no appropriate concentration of the mobile phase components that enables the isocratic separation of the essential oil of chamomile anthodium. In the next stage of our investigations, a two-step gradient was applied for the elution of the test sample. In the first chromatogram, presented in Figure 4a , the development distance of the first fraction of the mobile phase (pure heptane) and that of the second fraction (10% solution of ethyl acetate in toluene) were identical, and the total development distance was equal to 90 mm. As can be seen in the figure, the distribution of substance zones in the chromatogram is not uniform. The migration distance of the strongly retained substance zones is too short, while the less retained substance zones are blurred. Therefore, in the second gradient chromatogram, the development distance of the first fraction of the mobile phase was shortened to 2 cm. As a result, satisfactory separation of the strongly retained compounds was obtained; however, the separation of the less retained components was deteriorated (compare Figure  4b) . Finally, the development distance of the first fraction of the mobile phase was established at 3.5 cm, and the second one at 5. The obtained results are presented in Figure 4c . It follows from this figure that the uniform distribution of the substance zones in the chromatogram has been obtained. Consequently, satisfactory separation of both the weakly and the strongly retained components of the oil extract was achieved. The single substance zone present in the isocratic chromatogram just near the front of the mobile phase ( Figure 1 ) was separated into 5 separate bands. It should be noted that, as in previous studies [4] , the characteristic bending of the bands of the substance on the chromatogram close to the chromatographic plate edges was observed.
Conclusion
Satisfactory separation of the essential oil of chamomile anthodium was obtained with two-step normal-phase gradient elution with single void volume of the mobile phase. Chromatograms were developed in a simple horizontal developing chamber for stepwise gradient elution. The obtained separation of the solute zones is much better in comparison to the isocratic elution described in the Polish Pharmacopeia IX. The results of these studies are preliminary and require systematization, but they provide the basis for further work in this subject. 
